ABSTRACT -Alum-coagulation, Iron-coagulation and Iron-NH 4 enhanced with ascorbic acid were used on the samples that were synthetically prepared and treated in reactors at ambient temperature to meet the Brazilian water quality discharge limits or to be reused. A series of jar test experiments was run at 150 rpm for 2 min and 30 min for settling. 95 mg/L dose of traditional coagulant (alum, iron or iron-NH 4 ) was applied at pH ranging from 4-10. The coagulation was enhanced by adding doses of ascorbic acid resulting in three concentrations: 2.38, 7.14 and 11.9 g/L. Raw and coagulated greywater samples were analyzed for their turbidity, TS and conductivity as a function of time. The jar test experiments provided evidence that coagulation process could not provide sufficient TS removal efficiency in the greywater except at an iron-NH 4 + acid in all concentrations of the acid reaching a maximum removal after 4-5 h decanting. Turbidity was better removed when the small concentrations of ascorbic acid was employed. Generally, enhanced coagulation process using ascorbic acid was not sufficient to meet turbidity (< 20 mg/L) and TS (100 mg/L) limits. The highest turbidity removal (95%) was obtained at the range of 2.0-4.3 pH values, whereas turbidity removal was lesser in the greywater treated with Iron Chloride in the 11.90 g/L concentration. All experiments with controlled pH resulted in treated greywater with increasing in conductivity. Conductivity was found significantly high when controlled pH was used in the coagulation process.
INTRODUCTION
The coagulation process proves a high removal efficiency of different parameters, mainly chemical oxygen demand (COD) and suspended solids (SS). The process is based on the use of Al(III) or Fe(III) salts alone or in combination with calcium salts and the use of polymers as flocculants. Coagulant doses vary in a wide range like 150-600 mg/L and 250-2000 mg/L of Al 2 (SO 4 ) 3 (alum) used for treatment of domestic [Meriç et al., 2002a,b; Delgado et al., 2003] and industrial wastewaters [Rossini et al.,1999; Selçuk et al., 2004] , respectively while 20-60 mg/L of alum was applied as the proper interval for drinking water production [Volk et al., 2000; Rizzo et al., 2005] . In addition to aluminium sulfate, alternative coagulants, such as ferric chloride [Delgado et al., 2003] , NH 4 -ferric chloride [Gao et al., 2002a [Gao et al., -b,2003 ] can used trying to improve coagulation efficiency as well as associated with ascorbic acid in the water. Furthermore, the coagulation process was optimized for optimum time decanting and turbidity by results obtained when monitoring experiments were carried out.
The present study was carried out on synthetic greywater with specific composition to evaluate the efficacy of enhanced coagulation for complying with the brazilian discharge standards in the body water [Boneberg et al., 2013; . The effect of auxiliary coagulant in the coagulation pH, applied alum dose, turbidity and TS concentrations on coagulation efficiency and removal (%R) was discussed.
MATERIALS AND METHODS

Greywater and Jar test
The synthetic greywater was prepared using: soap, oil and tap water in mass fraction % of: 0.068, 0.581 and 99.3. Samples of 400 mL were distributed in glass containers to carry out jar test experiments. A series of jar tests was carried on the samples prepared daily in the laboratory. They were coagulated at 150 rpm for 5 min, sequentially stirred and then were settled for 30 min. 95 mg/L dose of the dried traditional coagulant {Al 2 (SO 4 ) 3 ; FeCl 3 or Fe(NH 4 ) (SO 4 )}was used at pH ranging from 6.0 to 9.0. Ascorbic acid was added as an auxiliary coagulant in three distinct concentrations: 2.38; 7.18 and 11.9 mg/L, which is originally used in the experiments to enhance the coagulation process. Experiments with auxiliary coagulant were processed at pH ranging from 1.0 to 4.3. Raw and coagulated samples were analyzed for their conductivity, TS and turbidity contents according to Standard Methods (1998) . Samples of about 4.0 mL were collected using a syringe in different times such: 0.5 h; 3; 4; 5 and 24 h.
RESULTS AND DISCUSSION
As already reported, only synthetic greywater with specific concentration was used in the experiments. So, conductivity, turbidity and TS concentrations were measured using three traditional coagulants associated with ascorbic acid at different concentrations. Based on literatures reviewing (Selçuk et al., 2004; , the quality ranges of the different grey water are: pH (5.9-7.4), TSS (134-1300 mg/L) and turbidity (298 NTU). Although there are variations in grey water quality, the analysis of the grey water characteristics by different categories indicates that the kitchen grey water and the laundry grey water are higher in both organics and physical pollutants compared to the bathroom and the mixed grey water. Figure 1 shows the behavior of greywater conductivity treated with Al 2 (SO 4 ) 3 (C = (95 mg.L -1 ) enhaced with ascorbic acid. It can be observed that there is a minimum conductivity point between 3 and 5 hours in the settling time when the process probably could be finished. One result for TS for the same system is presented in Figure 2 . For this system, all results are listed in Table 1 . It can be seen that adding sodium hydroxide solution to keep pH in the appropriate range (pH control) leads the system to have high conductivity. It seems that the presence of ascorbic acid have not changed the grey water conductivity. Also, observing Figure 2 , it is not recommended to leave the system decanting for more than seven hours. 
Overall removal calculations
The removal (%R) of the total contaminants or impurities during the treatment was calculated using the following equations below. %R values for the impurities were determined and calculated according to the variable measured as shown in Eqs. (1) and (2):
where,
0
Turb and TS 0 are initial turbidity and total solids in water, and t Turb and TS t are the variables measured after coagulation process in the specific time. Removal efficiencies are listed in Tables 1-6 for all experiments.   Tables 2-6 show all the results of coagulation treatment for removal of impurities. According to them, treatment using only traditional coagulant is still seemed effective to remove impurities. The removal efficiency of TS also depended on the concentration of ascorbic acid. Results show that coagulation treatment was able to remove more than 40% of impurities from grey water. The removal efficiency was really lower when ascorbic acid concentration increased. Regarding the turbidity parameter, it was observed that removal efficiencies slightly improved with increasing dosage. However, for TS removal efficiencies were damaged by acid presence and remained unchanged when system was kept decanting all day long. This result indicates that the maximum dosage required for effective removal of these impurities from the grey water was 7.14 mg/L. It seems that the fact of ascorbic acid is hardly soluble in water influences negatively in the TS results. The best removal efficiency was reached in the greywater when using an iron-NH 4 + acid, as presented in Table 6 in 2.38 mg/L of the acid after 4-5 h decanting. Therefore, turbidity could be better removed when the small concentration of ascorbic acid was employed and using 24 h decanting is not worthy. In general, the study showed that the enhanced coagulation process alone is not able to reduce the contaminants substances to the required reuse standard, thus it needs the application of additional processes or different kind of auxiliary chemical.
CONCLUSIONS
The synthetic wastewater similarly produced in Brazilian residences was treated using traditional coagulants associated with ascorbic acid. All experiments with controlled pH resulted in treated greywater with increasing in conductivity and it was found significantly high when controlled pH was used in the coagulation process. Coagulation experiments showed that Al 2 (SO 4 ) 3 resulted to higher TS and turbidity removal comparing to FeCl 3 . The auxiliary coagulant dosage affected process efficiency. The best removal efficiency was reached in the greywater when using an iron-NH 4 + acid in all concentrations of the acid after 4-5 h decanting. Turbidity was better removed when the small concentrations of ascorbic acid was employed. Generally, enhanced coagulation process using ascorbic acid was not sufficient to meet turbidity (< 20 mg/L) and TS (100 mg/L) limits. The highest turbidity removal (95%) was obtained at the range of 2.0-4.3 pH values.
